1. Introduction {#sec1}
===============

Relinqing granule (RLQ) is the best-selling Chinese patent drug for treatment of urinary system diseases. This product is brown to dark brown granules, with aroma smell and sweet taste, and slightly astringent. RLQ is made of aqueous extracts of the whole*Polygonum capitatum* plant and some other excipients, which has been approved by the Chinese State Food and Drug Administration \[[@B1]\].

*Polygonum capitatum*(*P. capitatum*) \[Chinese name: Tou-hua-liao, Latin name:*Polygonum capitatum* Buch.-Ham. ex D. Don\], a well-known Miao\'s medicinal plant, belongs to the Polygonaceae family and has been used for many years in traditional medicine, where it plays an important role in the treatment of various urological disorders, including urinary calculus and urinary tract infections \[[@B2]\]. Aqueous extracts of*P. capitatum*mainly included fatty acid esters, triterpenoids, steroids, flavonoids, gallic acid, and its analogs, as well as other phenolic compounds \[[@B3]--[@B9]\], which possessed antibacterial, anti-inflammatory, hypothermic, analgesic, antioxidant, and diuretic activities \[[@B10], [@B11]\]. Although drug therapy of RLQ alone is a feasible and effective treatment in urinary system infection patients \[[@B12], [@B13]\], it is commonly coadministered with antibiotics to enhance treatment of urinary tract infections \[[@B14]--[@B18]\]. Moreover, it also shows a good therapeutic effect for female acute urocystitis and chronic bacterial prostatitis in recent years \[[@B19], [@B20]\].

Ciprofloxacin is useful for the treatment of a number of bacterial infections, which belongs to a second-generation fluoroquinolone antibiotic \[[@B21]\]. Its spectrum of activity includes most strains of bacterial pathogens responsible for urinary tract infections. Ciprofloxacin is used alone or in combination with other antibacterial drugs in the empiric treatment of infections for which the bacterial pathogen has not been identified. Sulfamethoxazole is a sulfonamide bacteriostatic antibiotic. It is also commonly used to treat urinary tract infections. However, sulfamethoxazole is not used alone and it is always combined with trimethoprim as common usage, in therapeutic regimes for the treatment of uncomplicated acute urinary tract infections. Moreover, it is usually used as part of a synergistic combination with trimethoprim in a 5 : 1 ratio in cotrimoxazole. Consequently, RLQ combined with ciprofloxacin hydrochloride tablets or RLQ combined with compound sulfamethoxazole tablets to treat urinary tract infections are prevalent in China.

Our previous study indicated that CYP450 activity was induced by treatment with*P. capitatum* water extract \[[@B22]\]. However, it is well known that CYP450 enzymes are essential for the metabolism of many medications, including the majority of antibiotics \[[@B23]\]. Theoretically, the combination of RLQ with ciprofloxacin hydrochloride tablets or compound sulfamethoxazole tablets may lead to herb-drug interaction, while the occurrence of herb-drug interactions may affect the antibiotic activities of ciprofloxacin and sulfamethoxazole. Therefore, this study was designed to investigate the effect of RLQ on the pharmacokinetic parameters of ciprofloxacin, sulfamethoxazole, and trimethoprim.

2. Materials and Methods {#sec2}
========================

2.1. Materials {#sec2.1}
--------------

Ciprofloxacin (product number 20130326), sulfamethoxazole (product number 20130406), and trimethoprim (product number 20130609) were purchased from Dalian Meilun Biology Technology Co., Ltd. (Liaoning, China); the internal standard (IS), phenacetin (product number 81105), was obtained from Dr. Ehrenstorfer GmbH (Germany). Ciprofloxacin hydrochloride tablets (250 mg per tablet) were produced by Guangzhou Bai Yun Shan Pharmaceutical General Factory (Guangzhou, China). Compound sulfamethoxazole tablets (sulfamethoxazole 400 mg and trimethoprim 80 mg per tablet) were produced by PKU International Healthcare Group Southwest Pharmaceutical Co., Ltd. (Chongqing, China). Relinqing granules were produced by Guizhou Warmen Pharmaceutical Co., Ltd. (Guizhou, China). High-performance liquid chromatography- (HPLC-) grade acetonitrile and formic acid were supplied by Merck (Darmstadt, Germany). Distilled water was obtained from Watsons Group Co., Ltd. (Hong Kong). All other reagents were of analytical grade and obtained from Kermel Technology Co., Ltd. (Tianjin, China).

2.2. Animals {#sec2.2}
------------

24 male Sprague-Dawley rats (weighing 200--240 g) were provided by the Animal Supply Center of Guiyang Medical University (Certificate number SCXK2013-001, Guiyang, China). All animals maintenance and experimental study were based on the guidelines of the National Institutes of Health for the Care and Use of Animals, as well as under the approval of the Experiment Animal Center of Guiyang Medical University. All rats were kept in house under controlled temperature (22--24°C) and relative humidity (55--60%). Animals are maintained on a 12 h light/dark cycle and free access to food and water. They were fasted for 12 h, but they can drink freely before experiment.

2.3. Pharmacokinetic Interactions {#sec2.3}
---------------------------------

### 2.3.1. RLQ and Ciprofloxacin Hydrochloride Tablets {#sec2.3.1}

Twelve male rats were randomly divided into 2 groups (*n* = 6 for each group). RLQ group 1: there was oral administration of RLQ (4.0 g/kg twice a day; dissolved in water). Control group 1: rats were treated with the same volume of water twice daily for 7 continuous days. Fasting was carried out with free access to water on day 7, and oral administration of 0.108 g/kg ciprofloxacin (suspended in 0.5% CMC-Na) was conducted on day 8. Then, 0.15 mL of blood obtained from the caudal vein was collected at 5 min, 15 min, 30 min, 1 h, 1.5 h, 2 h, 2.5 h, 3 h, 4 h, 6 h, 8 h, and 12 h. The samples were injected into centrifuge tubes with heparin and centrifuged at 5000 rpm for 5 min. 50 *μ*L of rat plasma samples was collected and frozen at −80°C prior to analysis.

### 2.3.2. RLQ and Compound Sulfamethoxazole Tablets {#sec2.3.2}

Twelve male rats were randomly divided into 2 groups (*n* = 6 for each group). RLQ group 2: there was oral administration of the RLQ (4.0 g/kg twice a day; dissolved in water). Control group 2: rats were treated with the same volume of water twice daily for 7 continuous days. Fasting was performed on the evening of day 7 with free access to water. Oral administration of 0.13 g/kg sulfamethoxazole and 0.026 g/kg trimethoprim (suspended in 0.5% CMC-Na) was carried out on day 8. Then, 0.15 mL of blood was collected at 5 min, 15 min, 30 min, 45 min, 1 h, 1.5 h, 2 h, 3 h, 4 h, 6 h, 12 h, 24 h, and 36 h and centrifuged to obtain plasma. All samples were frozen at −80°C before analysis.

2.4. Ultrahigh-Performance Liquid Chromatography-Mass Spectrometry (UPLC-MS) {#sec2.4}
----------------------------------------------------------------------------

The chromatographic analysis was performed using an ACQUITY UPLC*™* system (Waters Corp., Milford, MA, USA). A Waters TQD Quantum triple-quadrupole mass spectrometer equipped with an electrospray ionization (ESI) source was used for mass analysis and detection. Chromatographic separation was achieved on a Waters Acquity BEH C18 column (2.1 × 50 mm i.d., 1.7 *μ*m, Waters, Wexford, Ireland).

The retention times of trimethoprim, sulfamethoxazole, and phenacetin (IS) were 1.10, 1.42, and 1.54 min, respectively. The mean recoveries of ciprofloxacin, sulfamethoxazole, and trimethoprim were between 86 and 110%, and the intraday and interday precision were less than 10%. Besides, ciprofloxacin, sulfamethoxazole, and trimethoprim in analyzed samples were stable within 6 h at room temperature, 30 days at −20°C, and three freeze-thaw cycles. All validation experiments of these methods met the requirements of the Guidance for Industry Bioanalytical Method Validation Document of the American Food and Drug Administration (FDA). For ciprofloxacin, the calibration curve was linear over the concentration range from 0.125 *μ*g/mL to 25 *μ*g/mL, and the regression equation was *Y* = 6.5217*X* − 0.0503 with the mean correlation coefficient of 0.9939. The concentration ranges for sulfamethoxazole and trimethoprim were 0.1\~500 *μ*g/mL and 0.1\~30 *μ*g/mL, respectively, and the regression equations *Y* = 0.027*X* + 0.086 and *Y* = 1.9878*X* + 0.0716 were with the mean correlation coefficient of 0.9994 and 0.9991.

2.5. Ciprofloxacin Analysis {#sec2.5}
---------------------------

For ciprofloxacin analysis, 50 *μ*L plasma was transferred to 1.5 mL centrifuge tube, and 10 *μ*L of internal standard working solution (phenacetin, 0.76 *μ*g/mL in methanol) and 50 *μ*L of 3 mol/L formic acid were added. The mixture was vortexed for 1.0 min and then 300 *μ*L of methanol was added. This was then vortexed for another 1.0 min and centrifuged at 20,000 ×g for 10 min. The upper organic phase was transferred into tubes and evaporated to dryness under a gentle stream of nitrogen at 48°C. The residue was dissolved in 400 *μ*L of the mobile phase and centrifuged at 15000 rpm for 5 min, and 1 *μ*L of the solution was injected into UPLC-MS.

Analysis was carried out with an elution gradient of (A) acetonitrile and (B) water (both containing 0.1% formic acid) at a flow rate of 0.35 mL/min as follows: 0--2.5 min (5--95% A) and 2.5--3.5 min (95--5% A). The column and autosampler were maintained at 45°C. The injection volume was 1 *μ*L.

ESI(+) was selected as an ionization source, and the detection was conducted using selected ion recording mode (SIR), *m*/*z* 332.4 for ciprofloxacin and *m*/*z* 180.2 for phenacetin. Cone voltage was 35 V for ciprofloxacin and 30 V for phenacetin. The mass spectrometer was operated in positive mode. Desolvation temperature was set to 350°C; nebulizer gas (N~2~) and source heater were adjust to 650 L/h and 120°C, respectively. The scan time for each analyte was set at 0.05 s. Data acquisition and processing were conducted on Masslynx*™* v4.1 and Quanlynx*™* v4.1 software (Waters Corp., Milford, MA, USA).

2.6. Sulfamethoxazole and Trimethoprim Analysis {#sec2.6}
-----------------------------------------------

Plasma sample pretreatment method and gradient elution condition were the same as those used for ciprofloxacin analysis. And the settings of MS detector were the same as those used for ciprofloxacin analysis. The selected ion to sulfamethoxazole was *m*/*z* 254.3, trimethoprim was *m*/*z* 291.3, and phenacetin was 180.2. The cone voltage was 25 V for sulfamethoxazole, 35 V for trimethoprim, and 30 V for phenacetin.

2.7. Statistical Analysis {#sec2.7}
-------------------------

Data were presented as mean values ± standard deviation (SD). Pharmacokinetic parameter calculations were carried out using the DAS 2.0 pharmacokinetic program (Mathematical Pharmacology Professional Committee of China, Shanghai, China) and generated by a noncompartmental model (statistical moment). Statistically significant differences in the pharmacokinetic parameters of RLQ groups and control groups were assessed by one-way analysis of variance (ANOVA) followed by Tukey test with the level of statistical significance setting at 0.05.

3. Results {#sec3}
==========

The mean concentration-time curve of ciprofloxacin combined alone (control) and after repeated administration of RLQ is shown in [Figure 1](#fig1){ref-type="fig"}, and corresponding pharmacokinetic parameters are shown in [Table 1](#tab1){ref-type="table"}. Compared with the control group 1, the RLQ group 1 had *t* ~1/2*z*~, CL~*z*~/*F*, and *V* ~*z*~/*F* that were ×1.86, ×1.89, and ×3.17 higher; AUC~(0--*∞*)~ and *C* ~max~ decreased by 50.0% and 29.3% (*P* \< 0.05), respectively. These results indicated that preadministration of 4.0 g/kg RLQ (twice a day) substantially changed the pharmacokinetics of ciprofloxacin in rats, leading to the reduction of the ciprofloxacin AUC~(0--*t*)~, AUC~(0--*∞*)~, and *C* ~max~ and the simultaneous elevation of *t* ~1/2*z*~, CL~*z*~/*F*, and *V* ~*z*~/*F*.

The mean concentration-time curves of sulfamethoxazole and trimethoprim alone (control) and after repeated administration of RLQ are shown in [Figure 2](#fig2){ref-type="fig"}, and corresponding pharmacokinetic parameters are shown in [Table 2](#tab2){ref-type="table"}. Compared with the control group 2, RLQ group 2 showed CL~*z*~/*F* and *V* ~*z*~/*F* for sulfamethoxazole were ×2.50 and ×2.94 higher and AUC~(0--*∞*)~ and *C* ~max~ decreased by 36.79% and 35.79% (*P* \< 0.05), respectively. However, there were no substantial differences in relevant parameters of trimethoprim between control group 2 and RLQ group 2. Results from the pharmacokinetic experiment showed that preadministration of RLQ significantly influenced the pharmacokinetics of sulfamethoxazole in rats, leading to the elevation of the sulfamethoxazole CL~*z*~/*F* and *V* ~*z*~/*F* and the reduction of AUC~(0--*∞*)~ and *C* ~max~.

4. Discussion and Conclusions {#sec4}
=============================

The pharmacokinetics of drugs includes absorption, distribution, metabolism, and excretion, and any effects on these processes will alter the way in which the drug acts upon the body. In this study, AUC and *C* ~max~ of ciprofloxacin in RLQ group 1 significantly decreased; simultaneously, *t* ~1/2*z*~, CL~*z*~/*F*, and *V* ~*z*~/*F* in RLQ group 1 were significantly increased. AUC~(0--*∞*)~ and *C* ~max~ of sulfamethoxazole were decreased significantly, as compared with control group 2. In addition, CL~*z*~/*F* and *V* ~*z*~/*F* were significantly increased in RLQ group 2. Pretreatment with RLQ decreased the bioavailability of ciprofloxacin and sulfamethoxazole after oral administrations for 7 continuous days but did not lead to accelerating of the metabolism of those antibiotics. Hence, it is proposed that the activity of P-gp further reduced the absorption of ciprofloxacin/sulfamethoxazole, which led to drug interactions. This was confirmed in Figures [1](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}, which showed that the ciprofloxacin and sulfamethoxazole plasma concentration of the RLQ preadministration groups was significantly reduced compared with that of the control group. The effect of RLQ on trimethoprim looks negligible, which has been confirmed by the whole pharmacokinetic parameters observed in the present study.

The results of the previous research showed that*Polygonum capitatum* could induce CYP2C9 and CYP3A4 and did not influence CYP1A2, CYP2C19, or CYP2E1 \[[@B23]\]. According to previous reports, sulfamethoxazole is eliminated mainly by metabolism, and CYP2C9 plays an important role in its N~4~-hydroxylation \[[@B24]\]. However, the rats in the RLQ group 2 had no substantial changes in *t* ~1/2~ when compared with the control group. Intestinal secretory movement of ciprofloxacin may limit its oral bioavailability, because it is a P-gp substrate \[[@B25], [@B26]\]. So we can extrapolate that the changes of ciprofloxacin and sulfamethoxazole pharmacokinetics were negligible to P450-induced oxidation reaction but prominent to P-gp induced reaction.

In summary, this study found that RLQ decreased the bioavailability of ciprofloxacin and sulfamethoxazole but did not affect the bioavailability of trimethoprim in SD rats.

It is well known that antibiotics can exert their therapeutic effect when their plasma-drug concentration is maintained above the minimal inhibitory concentration (MIC). If the plasma concentration of antibiotic goes down lower than the MIC, it will possibly lead to failure of therapy even drug resistance. RLQ reduced plasma concentrations of sulfamethoxazole and ciprofloxacin, which were combined clinically with RLQ in common usage. It would perhaps lead to reducing antibacterial action of ciprofloxacin and cotrimoxazole (coadministration of trimethoprim and sulfamethoxazole). Therefore, clinicians should adjust the dosage of ciprofloxacin and cotrimoxazole in patients who take RLQ.
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###### 

Main pharmacokinetic parameters of ciprofloxacin alone (control) and after repeated administration of RLQ (*n* = 6).

  Parameters                 Control group 1   RLQ group 1
  -------------------------- ----------------- ----------------------
  AUC~(0--*∞*)~ (mg/L*∗*h)   11.75 ± 4.35      5.88 ± 1.28^*∗*^
  *t* ~1/2~ ~*z*~ (h)        3.16 ± 1.29       5.89 ± 2.24^*∗*^
  *T* ~max~ (h)              1.58 ± 0.49       1.67 ± 0.52
  CL~*z*~/*F* (L/h/kg)       10.14 ± 3.14      19.12 ± 4.18^*∗∗*^
  *V* ~*z*~/*F* (L/kg)       49.81 ± 31.06     155.24 ± 47.10^*∗∗*^
  *C* ~max~ (mg/L)           3.52 ± 1.32       1.03 ± 0.30^*∗∗*^

^*∗*^ *P* \< 0.05 when compared with related parameters of control group 1. ^*∗∗*^ *P* \< 0.01 when compared with related parameters of control group 1.

###### 

Main pharmacokinetic parameters of sulfamethoxazole and trimethoprim alone (control) and after repeated administration of RLQ.

  Parameters                 Sulfamethoxazole   Trimethoprim                             
  -------------------------- ------------------ ---------------------- ----------------- ----------------
  AUC~(0--*∞*)~ (mg/L*∗*h)   1205.36 ± 330.02   443.46 ± 55.36^*∗∗*^   27.31 ± 12.61     37.28 ± 14.01
  *t* ~1/2~ ~*z*~ (h)        4.26 ± 0.87        4.92 ± 0.76            19.01 ± 10.68     14.11 ± 5.62
  *T* ~max~ (h)              2.0 ± 0.75         2.58 ± 1.31            1.21 ± 0.62       1.3 ± 1.00
  CL~*z*~/*F* (L/h/kg)       0.2 ± 0.07         0.5 ± 0.06^*∗∗*^       9.18 ± 3.34       6.77 ± 3.15
  *V* ~*z*~/*F* (L/kg)       1.21 ± 0.53        3.56 ± 0.66^*∗∗*^      279.34 ± 256.73   124.42 ± 38.34
  *C* ~max~ (mg/L)           129.14 ± 18.39     46.22 ± 9.58^*∗∗*^     4.96 ± 1.12       5.6 ± 2.05

^*∗∗*^ *P* \< 0.01 when compared with related parameters of control group 2.

[^1]: Academic Editor: Victor Kuete
